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O R I G I N A L  A R T I C L E
Recent upgrades of the harmonic radar for the tracking of the 
Asian yellow- legged hornet












































2006)	 and	 quickly	 spread	 despite	 numerous	 attempts	 to	 control	 it	
























effectiveness	 of	 the	 control	 activities	 so	 far	 implemented,	 keep	 en-
forcing	 the	 idea	 that	 the	development	of	a	 radar	system	 (Milanesio,	
Saccani,	Maggiora,	Laurino,	&	Porporato,	2016)	to	track	the	flight	of	
the	hornets	and	find	the	nests	could	be	extremely	useful.
2  | MATERIALS AND METHODS
While	referring	the	interested	reader	to	Milanesio	et	al.	(2016)	for	a	






















closest	 obstructions.	As	 for	 the	 previous	 version,	 a	 12-	V	 car	 bat-






2.1 | Upgrades of the TX system
The	transmission	chain	still	relies	on	a	commercial	off-	the-	shelf	ma-




































help	of	 the	 commercial	 code	CST-	MWS	 (www.cst.com)	 and	entirely	
manufactured	 by	 the	 Antenna	 and	 Electromagnetic	 Compatibility	
Laboratory	(LACE)	of	the	Department	of	Electronics	of	Politecnico	di	
Torino.	Figure	3	shows	the	final	geometry	 (top)	with	a	zoomed	view	
of	 few	 of	 the	 radiating	 elements	 (bottom),	 uniformly	 tapered	 along	
the	waveguide	direction	to	reduce	secondary	lobes.	Figure	4	reports	
the	simulated	and	measured	radiation	diagram,	which	roughly	corre-







the	vertical	 plane	 (main	 lobe	 in	 elevation	of	 about	30°	 at	−3	dB).	A	
summary	of	the	antenna	performances	is	listed	in	Table	1.















this	 antenna	 is	quite	unique	 in	 literature	 and	deserves	 to	be	briefly	






larization	by	optimizing	 the	 length	of	 the	 two	arms,	 and	 acceptable	
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As	 explained	 in	Milanesio	 et	al.	 (2016),	 the	 “loop”	 configuration	
cannot	 generate	 a	 retransmitted	 signal	when	 the	 tag	 polarization	 is	
orthogonal	to	the	radar	antenna	polarization,	for	instance,	in	case	the	
transponder	 is	 installed	 horizontally,	when	 the	 hornet	 is	 flying	 per-














and	 its	properties	but	not	all	 the	hornets	equipped	with	 it	could	fly,	
due	to	its	dimension	interfering	with	the	insect	wings.	An	additional	
drawback	is	that	printed	tags	are	sensitive	to	the	environment	(see	US	
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Furthermore,	 the	anesthesia	 seemed	 to	worsen	 the	 recovery	of	 the	













Similarly	 to	 the	 TX	 launcher,	 also	 for	 the	 receiving	 antenna	 at	
18.82	GHz,	 we	 designed	 and	 manufactured	 a	 vertically	 polarized	
slotted	waveguide.	Figure	10	shows	the	100-	cm-	long	WR51	with	its	
flanges,	 that	 is,	 a	 sectoral	 horn	 added	 to	 get	 a	more	 directive	 field	
on	 the	 vertical	 plane.	 50	 slots	 are	 carved	 on	 the	 broad	 side	 of	 the	

























6  |     MILANESIO Et AL.
namely	 Rogers	 RO4350	with	 dielectric	 constant	 equal	 to	 3.66,	 and	











distribution	 of	 power	 is	 again	 enforced	 by	 changing	 the	 size	 of	 the	
slots	and	their	offset	with	respect	to	the	midplane	of	the	waveguide.	
As	one	can	observe	 in	Figure	13,	while	 the	 radiated	 field	 in	 the	az-






As	 in	Milanesio	 et	al.	 (2016),	 on-	field	 tests	were	 performed	 nearby	
Dolceacqua,	in	the	inland	of	the	Ligurian	coast,	few	kilometers	from	
the	France	border,	where	the	diffusion	of	the	Asian	hornet	is	nowa-
days	 quite	 intense.	 The	 area	 under	 analysis	 was	 about	 300	m	 by	
300	m,	presented	a	not	negligible	slope	of	approximately	10%	and	had	
a	discrete	amount	of	 tall	 trees	and	obstacles	 (poles,	 fences,	houses,	
etc.).
Several	 testing	 campaigns	were	 performed	 throughout	 2016	 to	
access	the	upgrades	described	in	the	previous	sections;	we	will	report	
in	 this	 paper	only	 the	 final	 acquisition	 from	 the	17th	of	November,	
where,	despite	the	not	too	favorable	weather	conditions,	we	had	the	
opportunity	to	test	the	final	version	of	the	system.	In	less	than	three	
hours	 around	noon,	we	 tagged	almost	50	hornets	 and	we	 recorded	
an	 astonishing	 amount	 of	 tracks,	 allowing	 us	 to	 describe	 the	 flight	






The	 preliminary	 check	 performed	 in	 position	 “A”	 with	 a	 tag	
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The	 introduction	 of	 the	 telescopic	 tower	 helped	 to	 have	 detec-
tions	 beyond	 closest	 obstacles,	 for	 instance	 an	 olive	wood	 located	
southeast	with	 respect	 to	 the	 radar	 position	 “A”;	 rather,	 continuous	
detections	were	 seen	 about	 50	m	 inside	 the	 olive	wood,	 thus	 indi-
cating	that	the	flight	trajectories	can	be	followed	in	very	challenging	
conditions	 too.	The	slightly	oscillating	movement	of	 the	 tower	 itself	
did	not	generate	additional	clutter.	Because	of	the	blind	range	(leak-
age),	detections	 reported	within	a	25-	m	 radius	 from	 the	 system	are	
ignored.	Few	false	detection	(mainly	cars)	were	also	recorder	and	then	
removed,	 in	 particular	when	 the	 radar	was	 in	 position	 “B”	 nearby	 a	
quite	busy	road.
Almost	all	 captured	wasps	were	observed	 flying	 right	after	 their	
release,	 few	of	 them	directed	 to	 a	 blooming	medlar	 tree	 located	 in	
“D”;	after	a	quick	recovery,	some	returned	back	to	the	hunting	area,	
some	headed	out	the	detection	range	of	the	radar	along	the	indicated	
white	 arrow	 (three	 traces).	 Few	 tagged	 hornets	were	 also	 recorded	



















legged	Asian	hornet	 in	a	hilly	and	woody	 land	such	as	 the	Western	
Liguria;	that	being	so,	we	upgraded	the	harmonic	radar	system	firstly	
described	in	Milanesio	et	al.	 (2016).	This	entomological	radar	 is	able	




plications	 so	 far	 (Aniktar	 et	al.,	 2015;	Mazzaro,	Martone,	Ranney,	&	
Narayanan,	2017).	Some	were	limited	in	distance	(Brazee	et	al.,	2005;	
Hall	&	Hadfield,	2009;	Mascanzoni	&	Wallin,	1986;	Tsai	et	al.,	2013),	





et	al.	 (2016).	We	basically	 increased	the	vertical	beam	of	 the	anten-
nas	in	order	to	be	able	to	operate	on	hilly	and	rich	of	obstacles	areas,	
and	we	 adopted	 a	 digital	 processing	 system	 of	 the	 received	 signal	






























ad	 hoc	 transmitting	module	 is	 being	 designed	 from	 scratch	 using	 a	
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